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MHSA Science – March 2014

Science Grade 11

The table below shows the entire eleventh-grade science test design. Scores are based on common items only, 
half of which are released and can be found in this document.

Item Information Chart
Please refer to the item information chart on the next page for in-depth information on each science 
released item. The released item numbers in the chart correspond to item numbers in the practice 
test and on the MHSA Item Analysis Report.

Constructed-Response Scoring Guides
A constructed-response scoring guide includes score point descriptions used to determine the score. 
Training notes that follow the scoring guide provide in-depth descriptions or particular information also 
used to determine the score.

Student Work
At least one sample student response is provided for each score point with annotations that explain 
the reasoning behind the assigned score.

Test Design

CONTENT 
AREA

COMMON
FIELD TEST

ITEMS

TOTAL ITEMS 
PER STUDENT

BASE TESTING 
TIME

POINTS

MC CR MC CR MC CR

SCIENCE 40 4 8 1 48 5 120 MIN. 56

Each item on the MHSA measures a content standard of Maine’s 2007 Learning Results.

Science Content Standards Assessed on the MHSA

D. The Physical Setting
 1. Universe and Solar System
 2. Earth
 3. Matter and Energy
 4. Force and Motion

E. The Living Environment
 1. Biodiversity
 2. Ecosystems
 3. Cells
 4. Heredity and Reproduction
 5. Evolution
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Constructed-Response Item 21

MHSA Science Released Items – Student Work 

236887.003 236888 Common EQ, CMN

21. The diagram below shows changes to the foot and leg bones of horses over time.

GrasslandForest

Hyracotherium
60 million
years ago

Mesohippus
40 million
years ago

Merychippus
25 million
years ago

Pliohippus
7 million

years ago

Equus
3 million

years ago

a. Based on the information about horses shown in the diagram, provide a conclusion about the changes in horses 
over the last 60 million years. Use evidence from the diagram to support your conclusion.

b. Describe the scientifi c ideas about the interaction of organisms and environments that lead to changes in a
species over time and explain how this connects to your conclusion in part a.
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Training Notes for Constructed-Response Item 21

a. Possible responses include:

• Horses changed gradually over time.

• The size and shape of horses have changed over time.

• The confi guration of the horse’s foot has changed over time.

• The number of toes decreased over time.

• The type of food that horses ate changed over time.

b. Possible responses include a discussion of their conclusion and the connection with reasonable evidence 
from the diagram.

 Possible response must include a discussion of how natural selection can lead to evolution of a species 
over time (e.g., traits of an organism that help it survive are selected for and carried forward in the species 
over time) AND the response must also connect to the specifi c ideas in their conclusion.

Scoring Guide for Constructed-Response Item 21

Score Description

4

The response demonstrates a thorough understanding of the premise of biological 
evolution, citing evidence from the fossil record and evidence based on the observation of 
similarities within the diversity of existing organisms. The response provides a conclusion 
about the changes in horses over the last 60 million years and includes evidence that 
connects to their conclusion AND describes generally the scientifi c ideas about the 
interaction of organisms and environments that lead to changes in a species over time and 
explains how this connects to their conclusion in part a. The response has no errors or 
omissions.

3
The response demonstrates a general understanding of the premise of biological evolution, 
citing evidence from the fossil record and evidence based on the observation of similarities 
within the diversity of existing organisms. The response has one error/omission overall.

2
The response demonstrates a limited understanding of the premise of biological evolution, 
citing evidence from the fossil record and evidence based on the observation of similarities 
within the diversity of existing organisms. The response has two errors/omissions overall.

1

The response demonstrates a minimal understanding of the premise of biological 
evolution, citing evidence from the fossil record and evidence based on the observation 
of similarities within the diversity of existing organisms. The response has one piece of 
correct information.

0 The response is incorrect or irrelevant to the skill or concept being measured.

Blank No response.
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Sample 4-Point Response with Annotations for Constructed-Response Item 21

Summary annotation statement:

In part a, this response presents a detailed discussion of the adaptive changes in horses over 60 million 
years with strong evidence from the diagram including size, bone structure and habitat. In part b, this 
response outlines the concept of interactions between organisms and their environments that lead to 
changes in a species over time including helpful traits being “passed down from survivors through sexual 
reproduction” and connects those principles back to their relevance to the evolution of the horse as 
outlined in part a. This response is thorough and receives a score of 4.
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Sample 3-Point Response with Annotations for Constructed-Response Item 21

Summary annotation statement:

In part a, this response offers a concise conclusion about the evolution of the horse, generally supported 
by evidence from the diagram. In part b, this response offers an explanation of how natural selection can 
lead to changes in a species over time. There is no connection back to how this concept relates to the 
evolution of the horse described in part a. This response is general and receives a score of 3.
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Sample 2-Point Response with Annotations for Constructed-Response Item 21

Summary annotation statement:

Part a offers an understanding of the evolution of the horse over the past 60 million years and includes 
evidence from the diagram (the adaptation of toes to hooves) and a limited discussion of how changes to 
those features would have been helpful in the new environment. Part b is not attempted. This response is 
limited and receives a score of 2.
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Sample 1-Point Response with Annotations for Constructed-Response Item 21

Summary annotation statement:

This response offers a minimal view of the changes in horses over the past 60 million years by indicating 
“they have grown larger” and “they have lost [their] toes for hooves,” and offers a weak connection to the 
environment by indicating that the horses “have moved into the grasslands.” Part b is not attempted. This 
response is minimal and receives a score of 1.

Sample 0-Point Response with Annotations for Constructed-Response Item 21

Summary annotation statement:

This response does not address changes in horses over time. It focuses instead on the specifi c 
differences between the drawings. No credit is earned.



MHSA RELEASED ITEMS – MARCH 2014 SCIENCE ASSESSMENT

9MHSA_13-14_Science_G11_Released

Constructed-Response Item 22

      248504.006 248505 Common EQ, CMN

22. The diagram below shows the wave behavior of light in air and in glass.

 Rays 1, 2, and 5 are in air. Rays 3 and 4 are in glass.

Air

Glass

Opaque
material

Ray 3 Ray 4

Ray 5

Ray 2

Ray 1

Light

 

a. Identify and describe two wave behaviors that are shown in the diagram. Use evidence from the diagram to 
support your answer.

b. Describe two differences between Ray 1 and Ray 3. For each difference, explain your answer. 
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Training Notes for Constructed-Response Item 22

Part a:  One wave behavior is refl ection, the bouncing of a wave off a boundary. The evidence for refl ection is 
Ray 2 or Ray 4 in the diagram.

  The other wave behavior is refraction, the bending of a wave as it passes from one medium to 
another. The evidence for refraction is Ray 3 and Ray 5.

Part b: Differences between Ray 1 and Ray 3 include:
 • They travel at different speeds. Ray 1 is traveling faster than Ray 3.
 • They have different wavelengths. Ray 1 has a longer wavelength than Ray 3.
 • They are traveling in different directions. Ray 1 and Ray 3 are not parallel.
 • The intensity of Ray 1 is greater than Ray 3. 

Scoring Guide for Constructed-Response Item 22

Score Description

4

The student demonstrates a thorough understanding of how light waves interact with 
matter. The response correctly identifi es and describes both refl ection and refraction 
as shown in the diagram and provides evidence for both wave behaviors. The response 
describes and explains two ways Ray 1 and Ray 3 differ. The response has no errors or 
omissions.

3
The response demonstrates a general understanding of how light waves interact with 
matter. The response has one error/omission overall.

2
The response demonstrates a limited understanding of how light waves interact with 
matter. The response has two errors/omissions overall.

1
The response demonstrates a minimal understanding of how light waves interact with 
matter. The response has one piece of correct information.

0 The response is incorrect or irrelevant to the skill or concept being measured.

Blank No response.
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Sample 4-Point Response with Annotations for Constructed-Response Item 22

Summary annotation statement:

Part a identifi es and describes two different light wave behaviors, refl ection and refraction, and connects 
each one to all of its corresponding examples in the diagram. In part b, this response correctly describes 
two differences between Ray 1 and Ray 3, including a loss of intensity due to splitting of the electromagnetic 
energy and a change in the angle due to the light bending across the interface of a different material. This 
response is through and receives a score of 4.
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Sample 3-Point Response with Annotations for Constructed-Response Item 22

Summary annotation statement:

Part a identifi es and describes two wave behaviors, refl ection and refraction, and references specifi c 
evidence from the diagram to support the answer. Part b correctly describes one difference between
Ray 1 and Ray 3 referencing the changed angle and explaining the difference because “glass particles 
allow light to travel differently than air particles.” A second difference is not identifi ed. This response is 
general and receives a score of 3.
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Summary annotation statement:

In part a, one wave behavior, refl ection, is identifi ed and described with support from the diagram. A 
second wave behavior is not identifi ed. In part b, one difference between Ray 1 and Ray 3 is described, 
indicating that, “the angle changed.”  The second difference between Ray 1 and Ray 3 further describes 
the diagram but not a difference between the two rays. This response is limited and receives a score of 2.

Sample 2-Point Response with Annotations for Constructed-Response Item 22
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Sample 1-Point Response with Annotations for Constructed-Response Item 22

Summary annotation statement:

Part a offers one wave behavior indicating, “Ray 2 is the refl ection of the source of light from Ray 1.”
“[Illuminations]” is not a light wave behavior. In part b,“Ray 1 is pure light and Ray 2 is [distorted] light” 
does not adequately describe the difference between Ray 1 and Ray 2.  This response is minimal and 
receives a score of 1
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Sample 0-Point Response with Annotations for Constructed-Response Item 22

Summary annotation statement:

This response offers no information that is relevant to the wave behaviors illustrated in the diagram. No 
credit is earned.


